Results

Patient and graft survival
The actuarial patient survival was 97% at 1 year, 96% at 3 years, 94% at 5 years and 92% at 10 years ( Figure 1 ). Nine patients died, three of them with a functioning graft. The cause of death was bacterial infection in four children, Pneumocystis carinii infection in one, malignant lymphoproliferative disorder in one, and a cardiovascular complication in three (two of whom died following cerebral haemorrhage and one following a myocardial infarction). The overall actuarial graft survival was 94% at 1 year, 86% at 3 years, 80% at 5 years and 64% at 10 years ( Figure 1 ). Mean follow-up time was 9.3 ± 6.5 years. The actuarial graft survival at 1, 3, 5, 10 years was 94%, 90%, 83% and 68% respectively for recipients of living-related donor and 94%, 83%, 79% and 63% respectively for recipients of deceased donor (Log-Rank Test p=0.95). In children younger than 5 years the graft survival was 92% at 1 and 3 years, and 83% at 5 and 10 years; in this group the prevalence of LRD was rather high (11/24; 46%). In total 68 grafts were lost during the study period, 9 of them during the first year posttransplant. The causes of graft loss are given in Table 1 ; chronic rejection being the leading cause. Non compliance was documented in 19% of the failure due to chronic rejection (9 cases). Recurrence of the initial disease was the second most frequent cause of graft failure. The main characteristics of the study population are detailed in Table 2. www.intechopen.com 
Considering transplants with ≥ 1 year survival -graft survival after 1 year
This analysis was done on the subset of transplants that were still functioning at 1 year. Nine grafts were lost in the first year. Multivariable Cox regression analysis showed that significant risk factors contributing to graft failure after 1 year were: absence of calcineurin inhibitors, two HLA-A mismatches, kidney function (creatinine clearance) at 1 year, proteinuria at 1 year (superior to 1 g/24 h) and hemoglobin level at 1 year. The hazard ratios for graft failure and their confidence intervals are given in 
Discussion
This single center study investigated factors that affect renal transplant outcome in children. Numerous factors concerning recipient characteristics, donor characteristics, perioperative characteristics and post-transplant events were included in the analysis. Univariable analysis identified a number of factors associated with outcome. Multiple blood transfusions pre-transplant, duration of dialysis pre-transplant, prolonged cold and warm ischemia times, absence of calcineurin inhibitors, occurrence of acute rejection, occurrence of delayed graft function, absence of HLA-A matching, presence of marked proteinuria at 1 year post-transplant were associated with poor outcome. Risk of graft failure decreased with higher creatinine clearance at 1 year, higher level of hemoglobin at 1 year and later year of entry in the transplant program. Certainly in term of single variable determinants, these specific factors appear familiar to professionals in renal transplantation.
The following factors remained of significance after multivariable analysis: use of calcineurin inhibitors, absence of HLA-A matching, delayed graft function defined as the need for dialysis in the first week post-transplant, occurrence of acute rejection, proteinuria superior to 1 g/24 h at 1 year, hemoglobin level at 1 year and kidney function at 1 year.
Transplants that did not benefit from calcineurin inhibitors had a fourfold increased risk of graft failure. Most of these transplants (14 of 16) were performed in the period 1980-1984 before CsA was introduced. As the period 1980-1984 represents also the first years of our pediatric transplant program, the lack of center experience, the so called learning curve, may be partly a confounding factor. We found CsA to impact significantly and independently both on early and long term graft survival. This is similar to the findings of two single center pediatric studies (Chavers et al., 1994; Offner et al., 1999) reporting a beneficial effect of CsA up to 5 and 8 years post-transplant. The introduction of CsA in the mid-1980s for the prevention of acute rejection has been a major breakthrough in the transplantation field. However it has been reported to impact mostly on early graft survival by lowering acute rejection rates; its effect on long term outcome being much more controversial (Chapman & Nankivell, 2006; Pascual et al., 2002; Schurman & McEnery, 1997) . One of the major concerns for long term outcome is the calcineurin inhibitor-induced chronic nephrotoxicity leading to progressive nephron loss and declining renal transplant function (Chapman & Nankivell, 2006; Nankivell et al., 2004) . Hence with the broadening of the immunosuppressive drugs arsenal, calcineurin inhibitor minimization, calcineurin inhibitor withdrawal or avoidance strategies have been developed. Calcineurin inhibitor withdrawal and avoidance protocols have been associated with an amelioration of the renal function, however at the cost of a higher rejection rates (Guerra et al., 2007; Höcker & Tönshoff, 2011) . The long-term safety and efficacy of calcineurin inhibitor withdrawal and avoidance strategies need to be further validated in controlled clinical trials. At present the safest therapeutic strategy for pediatric renal allograft with chronic calcineurin inhibitor induced nephrotoxicity appears to be a mycophenolate based regimen with low dose calcineurin inhibitor and corticosteroids (Höcker & Tönshoff, 2011) . Two HLA-A mismatches was in our population a strong predictive risk factor for graft failure. Matching for HLA-DR and HLA-B has generally received priority over matching for HLA-A in children as well as in adults. Multivariable analysis of the data from the large NAPRTCS registry showed that the absence of HLA-B match and the absence of HLA-DR match were significant risk factors for graft failure (NAPRTCS, 2010). Roberts and colleagues reported that matching at the HLA-DR locus has significant effect on the survival of renal grafts from DD whereas matching at the HLA-A and B loci has only small effect (Roberts et al., 2004) . However, Zantvoort and colleagues from Eurotransplant (Zantvoort et al., 1996) found an independent HLA-A matching effect on long term survival of DD kidney grafts with an increasing effect over time (up to 6 years post-transplant). This was in contrast to the strong, short-lived, effects of HLA-DR and -B matching, which could only be detected up to 6 months and 2 years after transplantation, respectively. A clear additive beneficial effect of HLA-A matching was shown in the group without B and DR mismatches. They concluded that prospective matching for the HLA-A antigens remains important for renal allograft survival and our data are in agreement with this. Data from the Collaborative Transplant Study indicated that class II HLA-DR locus has a stronger impact than the class I HLA-A and HLA-B loci during the first post-transplant year but that during subsequent years the three loci have an equivalent and additive influence on graft survival: to obtain optimal long term survival all three loci must be considered in the donor-recipient matching procedure (Opelz et al., 1999) . This has been our policy through the years of our program as reflected by the very low percentage of transplants with more than 3 HLA-A,-B,-DR mismatches (14%). Obtaining the best possible HLA match for children is also an important part of the Eurotransplant allocation process. In contrast, in the United States, matching for HLA-A and -B has been abandoned and only HLA-DR is considered during the kidney allocation process. Based on an retrospective analysis of the UNOS registry data from 1585 pediatric recipients of DD kidney between 1996-2004 showing no advantage for HLA-DR matching, it has been recommended that, in the modern era of immunosuppression, the HLA match should be entirely disregarded when allocating donor kidneys to pediatric recipients (Gritsch et al., 2008 ). This will allow shortening the waiting time on dialysis for children. This view has been challenged in a recent report by Opelz and Döhler who examined the outcomes of 9209 pediatric recipients of DD kidneys from the CTS registry (Opelz & Döhler, 2010) . Comparing two decades (1988-1997 and 1998-2007) , they showed that, although overall graft survival improved over time, HLA matching remained highly significant and similarly strong despite the introduction of newer and more potent immunosuppression. A hierarchical relationship was observed for the effect of increasing number of mismatches on graft survival in both periods. Interestingly, they found a strong association between two HLA-DR mismatches and non Hodgkin lymphoma, and recommended therefore to avoid transplants with 2 HLA-DR mismatches. In our view, a well matched first kidney is especially important in children as they have a high likelihood of needing more than one transplant during their lifetime. A poor matched kidney is more likely to result in HLA allosensitization, resulting therefore in long waiting time for a second transplant when the first graft fails and compromising the chance of a successful retransplantation (Meier-Kriesche et al., 2009). The need for dialysis in the first week after transplantation carried in our transplant population a very high risk of graft failure within the first months post-transplant but did not impact significantly on the long term outcome. Similar findings emerged out of the analysis of the NAPRTCS registry . DGF was found to be a significant independent predictor of graft failure. However, when patients whose grafts had failed during the first year were censored, no differences in graft survival were noted between patients with and without DGF for either LRD or DD recipients. Similarly DGF was not an independent predictor of long term graft survival in a large single center analysis of pediatric renal recipients (Vats et al., 2002) . Good long term graft survival has also been obtained with non-heart-beating donors despite a higher incidence of DGF (Koffman & Gambaro, 2003; Sanchez-Fructuoso et al., 2004; Summers et al., 2010) . Others have reported a negative influence of DGF on long term graft outcome (Gjertson, 2000; Moreira et al., 2011) . It remains however difficult to determine whether this negative impact of DGF is independent of two associated known risk factors for long-term outcome: acute rejection (AR) and degree of kidney function (Geddes et al., 2002; Troppmann et al., 1996) . The combination of DGF and AR seems to be the most detrimental for graft survival (Matas et al., 2000; McLaren et al., 1999) . The occurrence of acute rejection was an independent predictor of graft survival when all transplants were included in the analysis. When only the grafts that functioned beyond the first year were considered, acute rejection disappeared from the significant factors in the multivariable analysis. The lack of significance can be due to the reduced power as acute rejection was introduced as a time dependent covariate and most of the events (acute rejection) occurred within the first year. Acute rejection is an important predictor of chronic rejection which is the most common cause of graft loss. Single and multicenter studies in adult and children have shown an association between acute rejection and subsequent development of chronic rejection (Dart et al., 2010; Matas, 2000; Tejani & Sullivan, 2000) . It is therefore expected that a reduction in the incidence of acute rejection -in our program the incidence of acute rejection in the period 2000-2010 has dropped to 7% -should result in the reduction of chronic rejection and thus in better long term graft survival. This is supported by a NAPRTCS study (Tejani et al., 2002) . Moreover some studies clearly indicate that a rejection free milieu can truly provide improved long term survival. Vats et al. in one of the largest single center study to date on long term graft outcome in pediatric renal transplant patients found freedom from acute rejection in the first year post-transplant to be the strongest independent predictor of improved graft survival (Vats et al., 2002) . In an analysis of the UNOS data on 93934 adult patients, Hariharan et al. reported an increase in graft half-life from 11.9 years for patients with an episode of clinical acute rejection during the first year post-transplant to 27.1 years for those who did not have such an episode (Hariharan et al., 2000) . Meier-Kriesche group, on the contrary, reported that the significant reduction in the acute rejection rates observed in the modern era has resulted in a marked improvement of the short term graft survival but in negligible progress in longer term survival as the attrition rate beyond the first year show little improvements (Lamb et al., 2011; Meier-Kriesche et al., 2004) . We found kidney function at 1 year to be an independent predictor of long term graft survival indicating that preservation of renal function during the first year is important and that events occurring within the first year impacting on this function are of critical importance for long term survival. Several authors have reported that renal function after transplantation has a strong impact on long term graft survival. Hariharan et al. analysing factors influencing graft survival for 105742 adult renal transplants between 1988 and 1998 reported one year creatinine and delta creatinine 6 months-1 year values to be the best predictors of long term survival and that the recent improvement in graft half-lives are related to conservation of renal function within the first year post-transplant (Hariharan et al., 2002) . As it is the case in our study, when renal function within the first year and clinical acute rejection were included in their model for long term graft failure it was the creatinine at 1 year that was significant and not clinical acute rejection. Thus in the setting of acute rejection it is the preservation of renal function that is more important for graft survival. Data from a multicenter study pointed the 1 year estimated glomerular filtration rate to be the most relevant predictor of long term graft function. The impact of DGF and acute rejection on the long term graft function appeared to be fully mediated by their influence on the 1 year GFR (Salvadori et al., 2006) . Similar to us, three studies found allograft function at 1 year to be a significant and independent predictor of graft outcome in children (Filler et al., 2002; Mitsnefes et al., 2003; Muscheites et al., 2009) . Kidney function at one year might be thus a useful surrogate end point for renal transplant clinical trials in children.
Anemia is a significant complication of renal failure being associated with numerous adverse outcomes, including compromised renal and cardiac function, cardiovascular disease, decreased exercise tolerance, cognitive impairment, poorer quality of life, increased risk for hospitalization and mortality (Koshy & Geary, 2008; Warady & Ho, 2003) . Anemia is expected to resolve after transplantation. More and more data indicate on the contrary that anemia is a common phenomenon in pediatric kidney recipients with reported prevalence rates ranging from 25% to 80% depending on the definition of anemia used and the time post-transplantation (Al-Khoury et al., 2006; Mitsnefes et al., 2005; Yorgin et al., 2002) . The prevalence of anemia at 1 year (defined as hemoglobin level <11 g/dl (Al-Khoury et al., 2006; Mitsnefes et al., 2005) ) was 30% among our transplanted children. The pathogenesis of post-transplant anemia is multifactorial and include iron deficiency, bone marrow suppression effects of immunosuppressive medications and other therapeutic agents, chronic inflammatory conditions caused by infections, frequent blood draws, and deteriorating renal function (Al-Uzri et al., 2003) . In our multivariable analysis, hemoglobin level at 1 year post-transplant was a significant predictor of long term graft outcome, a higher level of hemoglobin being associated with a lower risk of graft failure. When hemoglobin was dichotomized at 11 g/dl, the HR for anemia in the multivariable model was 1.93 (p=0.024; 95% CI 1.09-3.42) while the HRs of the other covariates (table 5) remained in the same order of magnitude (data not shown). It was significant in the presence of "kidney function" indicating that anemia is just not merely a surrogate marker of a declining function of the allograft. Anemia is an independent risk factor for progression of renal failure in pre-dialysis adults (Kovesdy et al., 2006) and treating anemia slows down the decline of kidney function in these patients (Gouva et al., 2004) . Our findings are in line with several studies in the adult population showing post-transplant anemia to be associated with increased risk for subsequent graft loss (Chhabra et al., 2008; ImoageneOyedeji et al., 2006; Kamar & Rostaing, 2008; Molnar et al., 2007) . In these studies, anemia was also associated with impaired patient survival and with a higher proportion of cardiovascular deaths. Whether this is also the case in children remains to be determined but a cross sectional study of pediatric kidney recipients pointing anemia to be predictive of left ventricular hypertrophy -an independent predictor of cardiovascular morbidity and mortality in adults -raises concern. Post-transplant anemia has also been reported to impact on the quality of life; anemic children presenting more physical discomfort (Riano-Galan et al., 2009) . For all these reasons including our findings that anemia predicts poorer graft survival, anemia deserves to be recognized early after transplantation, properly investigated and corrected. The presence of marked proteinuria at 1 year was in our study population a strong and independent predictor of impaired graft outcome. This is in good agreement with several studies in adults showing increasing levels of proteinuria at 1 year post-transplant to be associated with increasing risk of graft failure (Amer et al., 2007; Fernandez-Fresnedo et al., 2004; Roodnat et al., 2001 ). Persistent proteinuria is also associated in these studies with increased mortality. In our population, persistent proteinuria was attributed to biopsy proven chronic allograft nephropathy, recurrence of primary kidney disease (FSGS and dense deposit disease) and de novo glomerulonephritis; this is in line with reports in adult kidney recipients (Barama, 2008) . The underlying cause of proteinuria and not the proteinuria per se could thus be the factor contributing to transplant dysfunction and failure. However it is now recognized that proteinuria is not only a sensitive marker of renal disease but is directly damaging to the kidney by various mechanisms including direct mesangial toxicity, tubular overload, induction of a proinflammatory state and release of substances associated with the development of fibrogenesis and glomerulosclerosis (Baines & Brunskill, 2008) . Recent reports indicate that even early (1-3 months post-transplant) very low (<0.5 g/24 h) and low grade (<1 g/24 h) proteinuria -often referred as 'subclinical' or 'negligible' -is a potent predictor of graft loss in adult kidney recipients and that short term reduction in proteinuria is associated with improved long term graft survival (Halimi et al., 2005; Sancho Calabuig et al., 2009) . While ACE inhibitors have been shown to be effective and safe in proteinuric adult kidney recipients (Barama, 2008; Hiremath et al., 2007) , there is a paucity of data in the pediatric transplant population. In one retrospective study, children treated with ACEI had slightly lower proteinuria than those who did not receive such treatment (Arbeiter et al., 2004) . A recent uncontrolled small prospective study showed a reduction of proteinuria in nearly all children treated with ACEI (Seeman et al., 2010) . Several factors such as donor source, donor age, recipient age and hypertension were in contrast with the literature not found significant in our study. Large registry and single centers studies show better graft survival for recipients of LRD as compared to recipient of DD kidney (Gjertson & Cecka, 2001; Magee et al., 2008; NAPRTCS, 2010) . Data from the NAPRTCS indicate that the 1 year graft survival obtained with deceased donors has reached that of the living donors. In our population, graft survival is also equivalent with both donor sources at 1 year and thereafter superior for LRD. However, this difference is not statistically significant, possibly because of the small number of LRD recipients. Another explanation is that we achieved good survival rates with the DD recipients, due to our strict policy of donor selection, good HLA matching and short ischemia times. There are a number of reports indicating poorer results with kidney from young donors, essentially due to an increase incidence of vascular thrombosis, primary non function and other technical causes (Cransberg et al., 2000; Postlethwaite et al., 2002; Seikaly et al., 2001 , 2001) . Data indicate also that pediatric donor organs perform better than adult donor organs in pediatric patients (Nashan, 2004; Pape et al., 2004) and it seems thus justify that pediatric donors should preferentially be allocated to pediatric recipients. This might be stimulated by a very recent analysis of the NAPRTCS registry showing comparable 3-year graft survival and comparable kidney function in recipient of young donors (Moudgil et al., 2011) . Young recipient age (<5 yr) has been traditionally associated with poorer short term graft survival due to a high incidence of vascular thrombosis, technical complications and acute rejection (Cransberg et al., 2000; Gagnadoux et al., 1993; Kari et al., 1999; Postlethwaite et al., www.intechopen.com (Gagnadoux et al., 1993; Ojogho et al., 2002; Vats et al., 2002) . Furthermore, past the first post-transplant year, graft survival in these youngest children has been reported to be excellent: as good or even superior to older children and adults (Gjertson & Cecka, 2001; Ojogho et al., 2002; Vats et al., 2002) . In our study hypertension was not a significant predictor of graft failure. This may be due to the fact that we relied on the use of antihypertensive medications and their numbers as surrogates for defining hypertension and its severity. Studies using actual blood pressure measurements found early post-transplant hypertension to be a significant and independent predictor of early allograft function and long term graft outcome in pediatric renal transplant recipients (Mitsnefes et al., 2003; Mitsnefes et al., 2001 ).
Conclusion
Despite its limitation due to the small number of patients, our study shows that several factors influence the outcome of renal allograft in our pediatric population. The introduction of CsA had a very significant impact in improving graft survival. A good HLA match remains important and matching for HLA-A locus in children should not be neglected. Early recognition, investigation and treatment of post-transplant anemia and proteinuria may play an important role in ultimately improving outcomes. Prevention and adequate management of DGF, prevention and effective treatment of acute rejection episodes, therapeutic monitoring of calcineurin inhibitors to limit their nephrotoxicity, prevention of other injuries to the allograft by factors such as severe infection, hypertension, obstruction should contribute to the preservation of the renal function during the first year and lead to improved long term outcome.
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